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ABSTRACT: This study evaluated the effects of 
2 supplement dry matter (DM) amounts, with 
or without calcium salts of fatty acids (CSFA), 
on growth performance, supplement and water 
intake behavior of grazing beef bulls. On day 0, 32 
Nellore bulls were ranked by initial body weight 
(BW; 318 ± 11.2 kg), and then, randomly assigned 
to treatments (n = 8 bulls/treatment), in a 2 × 2 
factorial design, which consisted of energy-based 
supplement DM amount of 0.3 (SP03) or 1.0 
(SP1) % of BW with (+) or without (−) CSFA 
fortification (90 to 100  g/bull daily). During the 
experiment (98 d), all bulls were managed as single 
group and rotated between 2 Brachiaria pastures 
every 9 to 11 d. Each pasture contained an indi-
vidual electronic data capture system with 2 feed 
bunks/treatment and 1 water through to deter-
mine individual supplement DM and water intake, 
as well number of visits, time spent at the feeder/
waterer, and intake per visit (IPV). A supplement 
effect was detected (P = 0.02) for final BW. Bulls 
supplemented at 1.0% of BW, regardless of CSFA 
inclusion amount, were heavier at the end of the 

experiment vs. SP03 bulls. Overall average daily 
gain (ADG) was greater (P = 0.05) for SP03+ 
vs. SP03− bulls, and did not differ (P = 0.87) 
between SP1+ vs. SP1− bulls. No supplement 
amount, CSFA, or supplement amount × CSFA 
effects were observed (P ≥ 0.13) for supplement 
and water intake behavior, number of visits to the 
feeder or IPV. However, SP1 bulls spent (P = 0.05) 
more time at the feeder than SP1+ bulls, whereas 
bulls supplemented with CSFA tended (P = 0.10) 
to consume less water (as % of BW) than cohorts 
supplemented without CSFA. In summary, 
CSFA fortification into 0.3% of BW supplements 
increased ADG when compared with cohorts not 
offered CSFA. On the other hand, no benefits were 
observed when CSFA was included into 1.0% of 
BW supplements, primarily due to the lower than 
projected supplement, and consequently, CSFA 
intake. Moreover, CSFA fortification tended to 
reduced water intake, demonstrating a potential 
of this technology to increase performance of 
beef herds, while maintaining the utilization of 
natural resources.
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INTRODUCTION

In feedlot cattle, the major benefits of fat 
supplementation have been the increased energy 
density of the diet and improved feed efficiency, 
primarily due to an alteration on dry matter 
intake (DMI) and rumen fermentation parame-
ters (NASEM, 2016; Hales et al., 2017). In Brazil, 
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the primary fat feedstuffs included in feedlot cattle 
diets are cottonseed byproducts and calcium salts 
of fatty acids (CSFA; Pinto and Millen, 2019), 
accounting for 70% and 10% of these feedstuffs, 
respectively. Conversely, grazing ruminants are 
usually offered limited amounts of fat supplemen-
tation (Hess et  al., 2008). Most studies evaluated 
fat supplementation strategies for cattle grazing 
temperate forages (Hess et al., 2008), whereas data 
evaluating the effects of fat supplementation on 
performance of beef cattle grazing warm-season 
forages is scarce.

Supplementation with CSFA improved 
average daily gain (ADG) (Rosa et al., 2013) and 
feed efficiency (Barducci et  al., 2015) for feedlot 
beef  cattle. Moreover, CSFA supplementation 
also positively impacted productive parameters of 
dairy cattle (Batistel et al., 2017) and reproductive 
performance of  Bos indicus beef  cows (Lopes 
et al., 2009, 2011). Conversely, we are unaware of 
other studies evaluating the effects of  CSFA sup-
plementation on growth performance of  grazing 
growing beef  cattle. Additionally, it is important 
to understand the effects of  CSFA on water in-
take, given the present environmental concern 
regarding the effects of  beef  production on the 
utilization of  natural resources and the ultimate 
goal of  increasing productivity while preserv-
ing these resources (Ahlberg et al., 2018; Zanetti 
et al., 2019). Based on this rationale, we hypothe-
sized that CSFA supplementation to grazing beef 
bulls would increase performance without impact-
ing water intake of  the herd. Therefore, our ob-
jective was to evaluate the effects of  supplement 
dry matter (DM) amount (0.3% or 1.0% of  body 
weight [BW]) with or without CSFA fortification 
on growth performance, supplement and water in-
take behavior of  grazing Nellore bulls.

MATERIALS AND METHODS

This experiment was conducted at a commer-
cial beef operation (Fazenda São Joaquim), located 
in Jandaia, Goiás, Brazil (17°02′55″S, 50°08′46″W, 
and elevation of 637 m) from November 2018 
to February 2019. Average temperature from 
November 2018 to February 2019 was 27, 26, 25, 
and 24 °C, respectively. Average humidity was 75%, 
81%, 81%, and 78%, whereas total rainfall dur-
ing the period of the study was 178, 248, 244, and 
197 mm, respectively. All bulls utilized herein were 
cared for in accordance with the practices outlined 
in the Guide for the Care and Use of Agricultural 

Animals in Agricultural Research and Training 
(FASS, 2010).

Animals and Diets

On day 0 of  the study, 32 Nellore (B. indicus) 
bulls were ranked by initial shrunk (BW; after 16 h 
of  feed and water restriction; 318 ± 11.2  kg; ini-
tial age = 13 ± 2.1 mo) and randomly assigned 
to treatments in a 2 × 2 factorial design. Major 
factors consisted of  individual DM supplementa-
tion at 0.3% or 1.0% of  BW (SP03 and SP1, re-
spectively), whereas the minor factors were the 
inclusion or not of  CSFA into the supplements. 
Therefore, all possible treatment combination 
were: 1)  DM supplementation at 0.3% of  BW 
without CSFA fortification (SP03−; n = 8 bulls); 
2)  DM supplementation at 0.3% of  BW with 
CSFA fortification (SP03+; n = 8 bulls); 3)  DM 
supplementation at 1.0% of  BW without CSFA 
fortification (SP1−; n = 8 bulls), and 4) DM sup-
plementation at 1.0% of  BW with CSFA fortifi-
cation (SP1+; n = 8 bulls). Supplements used for 
the 0.3% (Boca Cheia) and 1.0% (Vanguarda) sup-
plementation amount were obtained from Campo 
Nutrição Animal (Goiânia, GO, Brazil), whereas 
the CSFA source (Nutrigordura) was obtained 
from Nutricorp (Araras, SP, Brazil). The com-
plete composition and nutritional profile of  each 
supplement are described in Table 1, whereas the 
complete mineral composition of  SP03 and SP01 
supplements is reported in Table  2. The CSFA 
used herein was a soybean-based product (iodine 
value = 125; fatty acid profile of  the supplement 
was approximately 15% C16:0, 4% C18:0, 25% 
C18:1 n-9, 38% C18:2 n-6, and 3% C18:3 n-3) and 
was included at equivalent amounts to provide 90 
to 100 g of  CSFA per bulls daily at the beginning 
of  the experiment.

In order to avoid any potential pasture effect 
on growth performance and supplement intake 
behavior of the herd, all bulls were managed as a 
single group but rotated between 2 Brachiaria bri-
zantha cv. Marandu paddocks (2 ha per paddock). 
The pasture rotation was performed every 9 to 11 
d, based on the herbage height of the paddock, 
throughout the experimental period (98 d). Bulls 
were provided ad libitum access to water and forage 
throughout the study.

Supplements were offered daily (0800 hours), 
but supplementation DM amount was adjusted 
weekly using weekly BW collected from each bull. 
Moreover, a + 10% adjustment of  the amount of 
supplement to be offered was taken into account 
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for day-to-day variation of  intake and also to 
allow orts, so the bulls would be able to consume 
adequate amounts throughout the experimental 

period. When necessary, supplement refused prior 
to each morning feeding was removed and the 
feed bunk cleaned to provide a fresh supplement 
every day.

Individual Data Capture System

On d −21 of  the study, bulls were allocated to 
paddocks to get acclimated with the individual 
electronic feeder and waterer data capture systems 
(Intergado; Contagem, Minas Gerais, Brazil). 
This system was composed of  1 water through, 
8 feed bunks (2 bunks/treatments; 4 bulls/bunk). 
Following the randomization on day 0 of  the 
study, bulls within treatments were assigned to 
specific feed bunks throughout the 98-d experi-
mental period. Additionally, a similar system was 
built in the water source, in a manner that the 
intake would be continuously recorded. Full de-
scription of  the equipment for supplement and 
water parameters measurements and system val-
idation for beef  cattle were described by Chizzotti 
et al. (2015) and Zanetti et al. (2019), respectively. 
The system recorded the duration of  each visit, 
number of  daily visits, and supplement and water 
intake by recording each bull ID, bunk number 
(for supplement only), and individual amount of 
feed and water consumed on a daily basis (24-h 
period). Individual supplement and water intake 
was continuously recorded throughout the experi-
mental period (days 0 to 98). All data were ex-
ported to the Intergado Web Software and reports 
were generated on a daily basis to detect any mal-
functioning of  the system. Additionally, a scale 
for BW measurement was built at the water source 
that continuously weighed the bulls during the 
experimental period and allowed the aforemen-
tioned weekly supplement offer adjustment.

Sampling

Individual shrunk BW of  bulls was collected 
on days 0 and 98 after 16  h of  feed and water 
withdrawal, and used to calculate the BW change 
(final minus initial BW) and ADG during the 
experiment.

Evaluation of individual supplement DMI, 
water intake, as well as frequency of visits to the 
feeder and water source were determined on a 
weekly basis. The cumulative 7-d period was used 
as repeated measures of the treatments. Individual 
treatment intake was evaluated on a daily basis 
throughout the experimental period to ensure ad 
libitum supplement availability. The frequency of 

Table 2. Mineral composition of the 0.3% and 1.0% 
of BW supplements offered throughout the experi-
mental period (days 0 to 98)1

Mineral

Supplements2

SP03 SP1

g/kg

  Magnesium 3.5 2.2

  Sulfur 15.0 32.0

  Sodium 11.0 17.6

  Chloride 18.0 29.0

  Calcium 40.0 15.0

mg/kg

  Phosphorus 6,000 3,500

  Copper 81.0 32.5

  Zinc 300.0 120.0

  Iron 280.0 49.0

  Manganese 57.0 22.5

  Iodine 5.0 2.0

  Cobalt 5.4 2.1

  Selenium 1.5 0.6

1Throughout the experimental period, supplements were offered on 
a daily basis in a manner to ensure ad libitum consumption.

2SP03  =  Boca Cheia (Campo Nutrição Animal, Goiânia, Goiás, 
Brazil) and SP1 = Vanguarda (Campo Nutrição Animal).

Table 1. Composition and nutritional profile of the 
supplements offered to the herd during the entire 
experiment1,2

Item, g/d SP03− SP03+ SP1− SP1+

Ground corn 621 531 2,406 2,316
Soybean meal 135 135 372 372
Urea 27 27 32 32
Mineral–vitamin mix 117 117 168 168
Calcium salts of fatty acids — 90 — 90
Nutritional profile, g/d
  Dry matter 809 814 2,691 2,709
  Crude protein 262 234 702 626
  Neutral detergent fiber 60 35 180 138
  Acid detergent fiber 49 23 137 114
  Ether extract 24 63 129 182
  Total digestible nutrients3 636 648 2,126 2,151
  Net energy for maintenance4 1.67 1.73 5.62 5.69
  Net energy for gain4 1.14 1.18 3.82 3.87

1Samples were collected at the beginning of the experiment.
2SP03−  =  supplementation of 0.3% of BW without CSFA forti-

fication; SP03+  =  supplementation of 0.3% of BW with CSFA for-
tification; SP1−  =  supplementation of 1.0% of BW without CSFA 
fortification; SP1+  =  supplementation of 1.0% of BW with CSFA 
fortification.

3The total digestible nutrients concentrations were calculated ac-
cording to equations described by Weiss et al. (1992).

4The net energy for maintenance and for gain concentrations were 
calculated with the equations reported by NASEM (2016).



802 Cappellozza et al.

Translate basic science to industry innovation

visits to the feeder and water source was calculated 
based on the total number of visits within each spe-
cific week of the experimental period. Time spent 
at the feeder and at the water source (minutes/day) 
was also evaluated herein based on the information 
collected at the equipment and uploaded into the 
Intergado Web Software. Additionally, based on 
the resulting intake (supplement and water), intake 
per visit (IPV) was determined, whereas results 
were averaged and analyzed on a weekly basis, as 
well as reported as kg or liter per day for supple-
ment and water, respectively.

Throughout the experimental period, samples 
were collected every 20 d for determination of the 
nutritional profile of the forage, whereas supple-
ment samples were collected at the beginning and 
end of the experiment. Forage samples were col-
lected by hand-clipping to ground level inside a 1 m2 
quadrant (10 random location within paddocks), as 
described by Fieser et al. (2007). Calculation of for-
age and supplement total digestible nutrients con-
centrations was performed according to Weiss et al. 
(1992), and samples of forage and supplement ana-
lyzed in duplicates by wet chemistry procedures for 
concentrations of crude protein (method 984.12; 
AOAC, 2006), acid detergent fiber (ADF; method 
973.18 modified for use in an Ankom-200 fiber 
analyzer; Ankom Technology Corp., Fairport, NY; 
AOAC, 2006), neutral detergent fiber (NDF; Van 
Soest et al., 1991; modified for use in an Ankom-200 
fiber analyzer; Ankom Technology Corp.), and cel-
lulose (Goering and Van Soest, 1970). The hemicel-
lulose content of the samples was calculated as the 
subtraction of NDF and ADF, whereas the lignin 
content was calculated as the difference between 
ADF and cellulose. Moreover, ether extract content 
was determined following the procedures of AOAC 

(2006) and the net energy for maintenance and gain 
were calculated according to equations described 
by NASEM (2016). The nutritional profile of the 
supplements and forage is reported in Tables 1 and 
3, respectively. Concurrently with forage sampling 
for nutritional analysis, forage DM availability was 
measured according to Fieser et al. (2007). Forage 
DM availability was close to or above 2,000  kg 
DM/ha (data not shown), which is considered the 
minimal DM amount to provide ad libitum forage 
DMI for grazing beef cattle (Minson, 1990).

Statistical Analysis

For all analyses performed herein, animal was 
considered the experimental unit. All data were 
analyzed using the PROC MIXED procedure of 
SAS (Version 9.4; SAS Inst. Inc., Cary, NC, USA) 
and the Satterthwaite approximation to determine 
the denominator df for the test of fixed effects. 
The model statement used for BW change and 
ADG contained the fixed effects of supplement 
DM amount, CSFA inclusion, and the resulting 
interaction. Data were analyzed using bull(sup-
plement × CSFA) as random variable. The model 
statement used for supplement or water intake, 
number of visits to the feeder or water source, 
I/V, and time spent at the feeder and at the water 
source (min/d) contained the fixed effects of sup-
plement DM amount, CSFA inclusion, week, and 
all resulting interactions. Data were analyzed using 
bull(supplement × CSFA) as random variable. 
The specified term for the repeated statement was 
week, whereas bull(supplement × CSFA) was the 
subject. The autoregressive 1 covariance structure 
was selected as it provided the smallest Akaike 
information criterion. All results are reported as 

Table 3. Nutritional profile of the forage (Brachiaria brizantha cv. Marandu) offered to the herd throughout 
the experimental period (98 d)1

Item

Day of the study

0 20 40 60 80

Dry matter, % 83.7 77.2 77.9 80.0 74.9

  Crude protein, % DM 11.5 13.6 13.2 10.5 11.5

  Neutral detergent fiber, % DM 58.1 64.4 62.0 65.9 63.9

  Acid detergent fiber, % DM 38.2 38.3 37.6 41.5 37.8

  Hemicellulose, % DM2 19.9 26.1 24.4 24.4 26.1

  Cellulose, % DM 12.1 19.3 18.1 15.9 19.4

  Lignin, % DM 7.8 6.8 6.3 8.5 6.7

  Ether extract, % DM 4.5 3.6 3.9 3.7 3.6

  Total digestible nutrients, % DM3 47.0 46.1 47.3 44.1 49.2

1Samples were collected every 20 d.
2Hemicellulose was calculated as the subtraction between neutral and acid detergent fiber.
3Total digestible nutrients were calculated according to equation proposed by Weiss et al. (1992).
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least square means and separated using the PDIFF. 
Significance was set at P ≤ 0.05 and tendencies were 
denoted if  0.05  < P ≤ 0.10. Results are reported 
according to the main effects if  no interactions 
were significant or according to the highest-order 
interaction detected.

RESULTS AND DISCUSSION

During a significant portion of the year, 
warm-season forages often do not have the bal-
anced nutrient composition and/or availability to 
optimize rumen environment and fiber digestion, 
intake, and performance (Detmann et  al., 2014). 
Hence, energy and protein supplementation are 
required to optimize cattle performance during 
these critical periods (McDowell and Arthington, 
2005). Few studies have evaluated the potential of 
CSFA as an alternative to improve the perform-
ance of cattle grazing warm-season forages. Overall 
and throughout the experimental period, forage 
nutritional composition (Table  3) was adequate 
to promote growth of the animals enrolled to the 
present study.

Two SP03− bulls were removed from the stat-
istical analysis as these bulls were not visiting the 
feeder. Nonetheless, the weekly supplementation 
amount offered to bulls was adjusted on a weekly 
basis to account for the removal of these 2 bulls. 
Hence, all statistical analysis for the SP03− group 
contained 6 experimental units vs. 8 experimental 
units for SP03+, SP1−, and SP1+ groups.

Growth Performance

Initial BW did not differ (P ≥ 0.85) among 
treatments (Table  4), demonstrating that before 
the beginning of the experiment, bulls were under 
the same management and properly randomized 
among treatments. Nonetheless, a supplement DM 
amount effect was detected (P = 0.02) for final BW. 

Bulls supplemented at 1.0% of BW (regardless of 
CSFA inclusion) were heavier (P = 0.02) at the end 
of the experiment compared to bulls supplemented 
at 0.3% of BW (Table  4). A  supplement × CSFA 
interaction was observed for ADG (P = 0.04). 
Overall ADG was 108  g greater (P = 0.05) for 
SP03+ vs. SP03− bulls, whereas no differences were 
observed between SP1− and SP1+ bulls (P = 0.87; 
Figure 1). Additionally, bulls supplemented at 1.0% 
of BW had a greater ADG compared to those 
supplemented at 0.3% of BW (Table 4). Effects of 
CSFA inclusion were not (P = 0.23) observed for 
overall ADG (Table 4).

Hess et  al. (2008) suggested that the optimal 
inclusion rate for supplemental fat should be <3% 
of diet DM to maximize the use of forage-based 
diets, ≤2% of diet DM to prevent the forage sub-
stitution with the intake of fat supplements, and 
should not exceed 4% of diet DM if  the goal of 
the operation is to increase dietary DE intake with 
fat supplements. Nonetheless, the aforementioned 
review focused on lipid feedstuffs commonly used 
on U.S. beef cattle operations (i.e., tallow, glycerin, 
soybean oil, and corn oil). In Brazil, the major lipid 
ingredients used in feedlot settings are cottonseed 
byproducts and CSFA, with the latter account-
ing for 10% of the utilization (Pinto and Millen, 
2019). Barducci et  al. (2015) demonstrated that 
CSFA supplementation to feedlot cattle improved 
feed efficiency compared to nonsupplemented and 
cottonseed byproduct-supplemented (lipid source) 
cohorts. Moreover, Rosa et al. (2013) reported a pos-
itive effect of CSFA supplementation on ADG, feed 
and protein efficiency of feedlot cattle. Nonetheless, 
it is important to mention that no other study has 
evaluated the utilization of CSFA in other pro-
duction settings, such as performance of growing 
bulls on pasture. Considering that CSFA are typi-
cally more expensive than common energy sources 
(i.e., whole cottonseed), the inclusion of CSFA in a 
supplementation program to grazing cattle would 

Table 4. Growth performance of Nellore bulls offered DM supplementation at 0.3% or 1.0% of BW with 
or without CSFA fortification from days 0 to 981

Item2

SP03 SP1

SEM

P-value

SP03− SP03+ SP1− SP1+ Supplement CSFA Supplement × CSFA

Initial BW, kg 317 318 318 318 4.2 0.89 0.85 0.96

Final BW, kg 396 410 426 428 9.7 0.02 0.44 0.57

BW change, kg 79 92 108 110 6.5 0.001 0.36 0.50

ADG, kg/d 0.81a 0.92b 1.11c 1.12c 0.041 0.001 0.23 0.04

abcWithin a row, means without a common superscript differ (P < 0.05).
1SP03− = supplementation of 0.3% of BW without CSFA fortification; SP03+ = supplementation of 0.3% of BW with CSFA fortification; 

SP1− = supplementation of 1.0% of BW without CSFA fortification; SP1+ = supplementation of 1.0% of BW with CSFA fortification.
2Throughout the experimental, data were collected through an electronic data capture system (Intergado; Contagem, Minas Gerais, Brazil).



804 Cappellozza et al.

Translate basic science to industry innovation

be feasible if  indirect effects are observed, beyond 
that associated with the sole provision of energy. 
As an example, CSFA supplementation improved 
postpartum reproductive function of beef females 
(Hightshoe et  al., 1991) and pregnancy rates of 
B. indicus (Lopes et al., 2009, 2011) and B. taurus 
(Brandão et al., 2018) beef cows.

The supplement effect observed for final BW 
of  bulls was expected, given that intake (Mertens, 
1987, 1994) and, consequently, the amount of  nu-
trients absorbed and utilized by the animals play 
a pivotal role on the resulting performance of  the 
herd. In agreement, Miorin et al. (2016) also re-
ported greater performance in grazing animals 
offered a 0.7% vs. 0.2% of  BW supplement dur-
ing the rainy season. On the other hand, the lack 
of  effects of  CSFA fortification of  supplements 
offered at 1.0% of  BW might be related to the re-
sulting CSFA intake. It is unknown at this point 
the best dose–response of  CSFA in supplements 
to grazing ruminants, so it can be speculated that 
animals consuming the SP1+ supplement did not 
reach the expected CSFA intake to improve the 
performance when compared with SP1− cohorts. 
On the other hand, bulls offered SP03+ had a 
greater CSFA intake (108 vs. 62  g/d), which re-
sulted in a greater ADG and a calculated gain/
area (data not shown) compared to non-CSFA-fed 
cohorts. In agreement to our statement, Mosley 
et al. (2007) reported a positive linear response in 
milk production as CSFA intake increased from 0 
to 500 g/cow daily.

Several factors could be involved on the ob-
served improvement in growth performance of 
SP03+ and SP03− bulls, such as the aforemen-
tioned metabolic effects of  fat vs. carbohydrates 
feedstuffs. A second factor could be related to the 

better utilization of  lipid- vs. carbohydrate-de-
rived energy, following the rationale presented 
by Hales et  al. (2015, 2017). These authors sug-
gested that in diets/supplements with an ether 
extract content ≥6.5% (DM basis), the metaboliz-
able:digestible energy ratio should be greater than 
the current value reported in the NASEM (2016; 
0.92 vs. 0.82). If  this ratio suggested by Hales 
et  al. (2015, 2017) is taken into account herein, 
the Metabolizable energy (ME) concentration of 
SP03− and SP03+ would be 2.84 and 3.24 Mcal/
kg supplement, respectively. Lastly, the effects of 
CSFA supplementation on forage DMI of  cattle 
grazing tropical grasses are largely unknown at 
this point. In lactating dairy cattle, Allen (2000) 
suggested that DMI reduces by 2.5% as CSFA is 
added to the diet. In beef  cattle, forage organic 
matter intake was not affected by feeding supple-
mental unprotected fat at a rate of  1.50% to 1.74% 
of  diet DM (Brokaw et al., 2000, 2001). Forage in-
take also was not affected in steers offered switch-
grass hay and canola seeds to provide 4% of  diet 
DM as fat (Leupp et al., 2006). Therefore, taking 
the observations by Brokaw et  al. (2000, 2001) 
into the present study and considering a total 
DMI of  2% of  animal BW, CSFA intake would 
represent 1.49% and 0.83% of  diet DM for ani-
mals consuming or not CSFA, respectively, which 
unlikely affected forage DMI herein.

Supplement and Water Behavior Data

As expected by the experimental design, a sup-
plement × CSFA × week interaction was observed 
for supplement intake (P < 0.001). All the statisti-
cal differences observed in the present interaction 
occurred on weeks 13 and 14 of the study. Bulls 
offered SP03− consumed more supplement than 
SP03+ and SP1− on week 13 (+2.9 and +2.4  kg, 
respectively; P ≤ 0.05), whereas SP03− and SP03+ 
consumed less supplement than SP1+ on week 14 
of the study (−3.06 and −4.74  kg, respectively; 
P ≤ 0.01). Moreover, SP03+ consumed less supple-
ment than SP1+ on week 13 (−3.06 kg; P = 0.01) 
and SP1− consumed less supplement than SP1+ 
on weeks 13 and 14 of the study (−2.51 and 
−3.94  kg, respectively; P ≤ 0.03). Effects of sup-
plement amount, CSFA fortification, and supple-
ment × CSFA effect were not (P ≥ 0.13) observed 
for supplement intake (kg/d or as % BW), number 
of visits to the feeder/day or I/V (Table 5). A sup-
plement type × CSFA interaction tended (P = 0.07) 
to be observed for time spent at the feeder 
(Table  5). Although no differences were observed 
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Figure 1. Average daily gain (kg/day) of bulls offered 2 supple-
mentation DM amounts (0.3 or 1.0% of BW) with or without CSFA 
fortification from days 0 to 98. A supplement × CSFA interaction was 
observed for overall ADG (P = 0.04; SEM = 0.041). Different letters 
denote differences at the P < 0.05 level. 
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for supplement intake and visits to the feeder as a 
result of CSFA supplementation, SP1+ bulls spent 
(P = 0.05) less time at the feeder vs. SP1− bulls, 
whereas no differences were observed (P = 0.78) 
between SP03− and SP03+ bulls (Table 5).

To the best of our knowledge, no other re-
search study has evaluated the effects of CSFA sup-
plementation for ruminants grazing warm-season 
grasses. The lack of difference on supplement in-
take between SP1 and SP03 bulls was unexpected, 
but can be explained by the large animal-to-animal 
variation and reduced supplement intake of SP1 
bulls (approximately 0.55% BW). Hence, it is not 
surprising that the resulting CSFA intake in SP1+ 
bulls was compromised and impacted the overall 
objective of the present study. It is known that 
season of the year significantly impacts supplement 
intake, so that as moisture content of forage in-
creases, supplement intake also increases (Bowman 
and Sowell, 1997). Arthington and Swenson (2004) 
reported greater supplement intakes as moisture 
of the forage increased (rainy) vs. dry season. It is 
noteworthy mentioning that these authors offered a 
mineral supplement, whereas herein a medium- to 
high-supplement intake was used. Hence, it can be 
speculated that when medium- to high-quality for-
ages are available to the animal, endocrine factors 
might limit additional DMI.

Current concerns regarding beef produc-
tion systems involve the improvement on perfor-
mance, while maintaining the utilization of natural 
resources, such as land and water (FAO, 2009). 
Hence, it is imperative to develop strategies that 
meet these ultimate goals and provide enough 
food to a growing population worldwide. It is well-
known that beef production systems require a 

considerable amount of water (Zanetti et al., 2019). 
Recently, Ahlberg et al. (2018) reported that water 
intake in growing cattle ranges from 8.0% to 9.8% 
of BW. Besides the environmental aspect of water 
intake and utilization by beef production systems, 
a more accurate estimate of this parameter would 
enable producers to determine water demands, and 
consequently, ensure water availability to the herd 
(Zanetti et al., 2019). Water intake is influenced by 
several factors, such as weather, type of diet, breed, 
age, BW, and physiological status of the animals 
(NASEM, 2016).

A CSFA × week effect tended (P = 0.06) to be 
observed for water intake, primarily because water 
intake was or tended to be reduced in animals re-
ceiving CSFA during weeks 4, 5, 6, and 14 of the 
study (P ≤ 0.10; −3.7, −4.3, −3.6, and −1.1 liters, 
respectively). No supplement or CSFA effects were 
observed on mean average intake (liter/d), whereas 
bulls supplemented with CSFA tended to consume 
less water compared to cohorts not supplemented 
with CSFA (4.96% vs. 4.11% of BW, respectively; 
P = 0.10; Table  6) Moreover, no significant inter-
actions or main effects were observed (P ≥ 0.20) 
on number of visits to the water source or IPV 
(Table 6).

Overall, water intake data observed herein is in 
close agreement to values observed and reported by 
Zanetti et al. (2019) with B. indicus cattle (18.6 vs. 
16.7 liters/d, respectively). Nonetheless, the present 
and Zanetti et  al. (2019) studies significantly dif-
fer from previous reports, equations, and estimates 
for water intake (CSIRO, 2007; Sexson et al., 2012; 
NASEM, 2016), which could be related to the envi-
ronment where studies that originated these equa-
tions were conducted (tropical vs. temperate), given 

Table 5. Supplement intake (kg/d and % of BW), visits per day, intake per visit (I/V) and time spent at the 
feeder of Nellore bulls offered DM supplementation at 0.3% or 1.0% of BW with or without CSFA forti-
fication from days 0 to 981

Item2

SP03 SP1

SEM

P-value

SP03− SP03+ SP1− SP1+ Supplement CSFA Supplement × CSFA

Supplement intake

  kg DM/d 1.52 1.08 2.01 2.06 0.551 0.64 0.71 0.45

  % BW 0.42 0.30 0.54 0.55 0.139 0.13 0.75 0.66

CSFA intake, g/d — 108.0 — 61.8 — — — —

Visits/d 5.1 6.4 7.7 5.6 1.45 0.55 0.79 0.26

Intake/visit, kg 0.298 0.169 0.261 0.368 0.118 0.90 0.96 0.17

Time spent at the feeder, min/d 12.1ab 13.1ab 17.5b 9.8a 3.10 0.52 0.13 0.07

abWithin a row, means without a common superscript differ (P < 0.05).
1SP03− = supplementation of 0.3% of BW without CSFA fortification; SP03+ = supplementation of 0.3% of BW with CSFA fortification; 

SP1− = supplementation of 1.0% of BW without CSFA fortification; SP1+ = supplementation of 1.0% of BW with CSFA fortification.
2Throughout the experimental, data were collected through an electronic data capture system (Intergado; Contagem, Minas Gerais, Brazil).
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that beef  production on tropics is conditioned to 
high temperatures, with small daily oscillation, as 
well as elevated humidity and precipitation (Zanetti 
et  al., 2019). Additionally, breed differences may 
play a pivotal role, as such that B.  taurus cattle 
often present a greater water intake than B.  indi-
cus cohorts (Valente et al., 2015) and most of  the 
models and equations were derived from studies 
conducted with B. taurus herds (NASEM, 2016).

In agreement with our data, Miorin et  al. 
(2016) also did not observe differences on time 
spent at water through of  grazing Nellore ani-
mals offered different types of  supplements dur-
ing the rainy season. Moreover, it can be argued 
that if  no differences on time spent at the water 
through were observed, no differences in water 
intake would be observed. Nonetheless, as % of 
BW, animals supplemented with CSFA tended 
to consume less water than nonsupplemented 
cohorts (Table 6). Zanetti et al. (2019) reported 
that DMI was the predictor with greatest contri-
bution to increasing water intake. In general, a 
reduction in DMI is followed by a reduction in 
water intake (Kramer et al., 2009) and this behav-
ior can be explained either by 1) the ruminal liq-
uid dilution rate (Adams et al., 1981; Adams and 
Kartchner, 1984) or 2) the heat increment caused 
by fermentation and digestion (Finch, 1986). In 
fact, the latter factor seems to be the most rea-
sonable to have occurred, given that the replace-
ment of  ground corn by CSFA would change the 
rumen fermentation dynamics and characteris-
tics of  the animals.

It is interesting to report that SP1+ bulls spent 
less time at the feeder compared to SP1− cohorts. 
One possible explanation might be related to the 
removal of readily fermentable feedstuffs (i.e., corn) 
and replacement with CSFA. It is known that CSFA 
do not ferment in the rumen, and hence, do not gen-
erate the same amount of heat through fermentation 

(NASEM, 2016). In the present study, the supple-
ment bunk facility was covered and provided some 
shade to the animals, so cattle supplemented at 
1.0% of BW (DM basis) would also remain more 
time at the facility to dissipate some heat from the 
environment plus the fermentation of the diet. The 
same behavioral effect was not observed at the water 
source, primarily due to the fact that the water 
trough was not covered and bulls would move to this 
location to specifically drink water.

CONCLUSIONS

To the best of our knowledge, no other research 
study has evaluated the effects of CSFA supplemen-
tation for growing ruminants grazing warm-season 
grasses. The lack of difference on supplement intake 
between SP1 and SP03 bulls was unexpected, but 
can be explained by the large animal-to-animal var-
iation and reduced supplement intake of SP1 bulls 
(approximately 0.55% BW). Hence, it is not surpris-
ing that the resulting CSFA intake in SP1+ bulls 
was compromised and impacted the overall objec-
tive of the present study. Nonetheless, CSFA for-
tification into 0.3% of BW supplements increased 
ADG compared to nonsupplemented cohorts and 
water intake (as % BW) tended to be reduced in ani-
mals offered CSFA, demonstrating a potential for 
this technology to increase the performance of the 
herd while maintaining the utilization of the nat-
ural resources required for beef cattle production.
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Table 6. Water intake (liter/d and % of BW), visits per day, IPV and time spent at the feeder of Nellore bulls 
offered DM supplementation at 0.3% or 1.0% of BW with or without CSFA fortification from days 0 to 981

Item2

SP03 SP1

SEM

P-value

SP03−- SP03+ SP1− SP1+ Supplement CSFA Supplement × CSFA

Water intake

  Liter/d 18.2 19.0 19.9 17.3 1.25 0.98 0.47 0.18

  % BW 5.01 4.07 4.91 4.15 0.508 0.99 0.10 0.87

Visits/d 2.4 2.5 2.6 2.3 0.15 0.94 0.54 0.30

Intake/visit, liter 7.55 7.79 7.95 7.62 0.467 0.80 0.92 0.54

Time spent at the water source, min/d 3.6 4.1 3.6 3.7 0.54 0.67 0.55 0.67

1SP03− = supplementation of 0.3% of BW without CSFA fortification; SP03+ = supplementation of 0.3% of BW with CSFA fortification; 
SP1− = supplementation of 1.0% of BW without CSFA fortification; SP1+ = supplementation of 1.0% of BW with CSFA fortification.

2Throughout the experimental, data were collected through an electronic data capture system (Intergado; Contagem, Minas Gerais, Brazil).
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